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(54) Dynamic control of a patient monitoring system 



(57) A flexible patient monitoring system (200) which 
interfaces a telemetry subsystem (100) with a network 
(205) by way of a telemetry transmission receiving sys- 
tem (203.224) and a network controller (230). The telem- 
etry subsystem (100) includes one or more monitoring 
instruments (101,102;201,202), a multiport transmitter 
(110;210), a telemetry subsystem interface 
(112,114:212), a backchannel receiver module 



(113:213). and a telemetry docking station (111;211). 
The flexible patient monitoring system (200) nnay be 
operated to implement network-based, system-origi- 
nated control of one or more of the patient monitoring 
functions performed in the system. A particular function 
that is subject to dynamic control is the transmission of 
a telemetry signal. 
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Description 

Technfcai Reld of the Invention 

This invention relates to patient monitoring systems s 
and more particularly to an ambulatory patient monitor- 
ing system that effects dynamic control of one or more 
patient monitoring functions so as to facilitate the collec- 
tion and use of monitored information, particularly in a 
hospital or other institutional setting. 

Background of the invention 

Hospitals and other medical care institutions provide 
differing levels of patient care so as to conserve 
resources, minimize the costs of patient care, and max- 
imize patient outcomes (i.e., the condition or health of 
the patient). To achies^e this, the attending staff will trans- 
fer a patient between different units in the hospital in 
accordance with the acuity of the patient's condition. For 
example, a high-acuity patient may be admitted to an 
intensive care unit (ICU) or critical care unit (CCU), then 
is transferred to an intermediate care unit, and so on to 
successively less-intensive care environments until the 
patient is released from the hospital. Such a paradigm 
of transitional medical care has been precipitated by the 
increasing costs of providing medical care, and the 
increasing acuity of the patients that receive such med- 
ical care. For example, the average acuity of the patients 
that are transferred to an intermediate care environment 
is now higherthan in the past. More particularly, a patient 
that is transferred to an intermediate care unit is now 
likely to require a more intensive level of continuing care 
in comparison to the le^^el of care required by such a 
patient in years past. 

For the attending staff to successfully practice such 
medical care, the patient monitoring applied to each 
patient must be easily reconfigured according to the 
patient's condition, acuity, and location. However, the 
conventional patient monitoring system for a non-ambu- 
latory patient typically employs a fixed, dedicated bed- 
side monitor that is located and dedicated for use in a 
bedside-monitored environment. The bedside monitor is 
usually wall-mounted, configured for use at one bed, and 
hardwired to a particular hospital communications net- 
work. Such instruments are expensive, and thus typically 
are in short supply, and they are not easily reconfigured 
when the patient transfers between beds, rooms, or envi- 
ronments. 

An ambulatory patient may be assigned a telemetry 
transmitter that is worn by the patient such that telemetry 
data is transmitted to an array of telemetry antennas and 
receivers, which are connected to the hospital commu- 
nications network. Reconfiguring the patient nrronitoring 
system at transitions between non-ambulatory and 
ambulatory monitoring modes is a difficult, expensive, 
and time-consuming task, and typically results in a gap 
or discontinuity in tiie stream of monitor data. As a result, 



a conventional monitoring system is not well-suited for 
use in a transitional care practice. 

The foregoing may thus be seen to limit the versatil- 
ity and usability of the conventional patient monitoring 
system, especially in situations where the telemetry 
transmitter is the only monitoring de\^ice applied to tiie 
patient. Further, while it may be desirable to implement 
more capabilities in a telemetry transmitter so as to 
resolve such drawbacks, H is also desirable that such 
capabilities be achieved without any significant increase 
in the monitor's cost, size, weight, and power usage. As 
a result, the conventional patient monitoring system is 
not well-suited for use in a transitional care practice. 

Accordingly, there is a need for network-based, sys- 
tem-originated control of one or more of the features, 
functions, or tasks performed in a patient monitoring sys- 
tem. A particular function that would benefit from such 
control is the transmission of a telemetry signal. Because 
hospitals and physicians are relying more often on telem- 
etry monitoring for their patients, the quality of a telem- 
etry signal must be excellent. Some of tiie problems that 
the attending staff will encounter while monitoring ambu- 
latory patients is signal degradation caused by noise, 
fading, drop-outs, and multipath distortion. Noise is 
potentially present at all times on the telemefy signal 
because the telemetry signals must pass through an 
environment of interfering electrical signals of various 
strengths and frequendes. A degraded signal will result 
in discontinuous monitoring, an inability to interpret the 
monitored function, and false alarms. 

A digital telemetry monitoring system can determine 
that the data in a transmission is corrupt, but it cannot 
eliminate the problem of interference, and therefore con- 
ventional systems do not provide a complete solution. 
One advance has been the provision of a telemetry sys- 
tem offering noise reduction that transmits in the UHF 
(Ultra High Frequency) band instead of the commonly 
used VHF (Very High Frequency) band. The HP M1403A 
Digital UHF Telemetry System, incorporating the bene- 
fits of UHF transmission with digital technology, currentiy 
provides a high level of immunity to electrical interfer- 
ence. However, tiiese units are still susceptible to some 
types of intermittent interference, such as may be emit- 
ted by a radio frequency transmitter operating at the fre- 
quency used by tiie unit. 

Summary of the Invention 

A system for providing dynamic control of patient 
monitoring may be constructed according to tiie present 
invention to include a communications network having a 
plurality of nodes; apparatus, connected to a first of said 
nodes, for directing dynamic control information onto the 
network; and a backchannel transmission system con- 
nected to a second of said nodes for receiving the 
dynamic control information and for transmitting the 
dynamic control information in a backchannel transmis- 
sion. A multiport transmitter is constructed to include a 
data processing section for canying out a patient moni- 
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toring function, and a backchannel receiver module for 
receiving the backchannel transmission, translating the 
received transmission to provide respective dynamic 
control information, and providing the dynamic control 
information to the data processing section. The data 
processing section may thereby implement the dynamic 
corrtrol information to alter one or more of the patient 
monitoring functions. 

As will be mentioned in more detail in the following 
description, dynamic control of a patient monitoring sys- 
tem as presented herein resolves a number of deficien- 
cies found in prior art systems. For example, when it is 
desirable to have the multiport transmitter operating in 
different modes (i.e. diagnostic versus monitoring quality 
for an EGG monitor), certain ones of a plurality of moni- 
toring sections may be selectively activated to permit 
switching between the various conditions being moni- 
tored. In another example, because the multiport trans- 
mitter is frequency-synthesized, a device on a network 
node may be operated to change the frequency of the 
telemetry signal to avoid interference from another trans- 
mitter operating at the same frequerxiy. 

TTie contemplated dynamic control allows a patient 
monitoring system to be provided witiiout maintaining an 
extensive amount of bedside connections to the network. 
It also reduces the need for extensive arrays of expensive 
monitoring equipment to be distributed for emergencies, 
and increases the effectiveness of emergency proce- 
dures in that the responding medical personnel need 
only apply the necessary equipment when tine multiport 
transmitter so indicates a need. 

The many advantages described herein are 
achieved without making the multiport transmitter sub- 
stantially greater in size, weight, battery use, and cost in 
comparison to the conventional telemetry transmitter. 

The foregoing and additional objects, features and 
advantages of the invention will be apparent from the fol- 
lowing detailed description of preferred embodiments of 
the invention, as illustrated in the accompanying draw- 
ings. 

Brief Description of the Drawings 

Figures 1 and 2 are simplified representations of a 
flexible patient monitoring system constructed in accord- 
ance with the present invention. 

Figure 3 is a block schematic diagram of a main por- 
tion of a multiport telemetry-transmitter featured in Fig- 
ures 1 and 2. 

Figure 4 is a block schematic diagram of a back- 
channel receiver module featured in Figures 1 and 2. 

Figure 5 is block schematic diagram of a telemetry 
docking station featured in Rgures 1 and 2. 



Detailed Description of the Invention 

Flexible Patient Monitoring System 

5 The present invention provides increased flexibility 
in an improved patient monitoring system without requir- 
ing significant increase in the size, weight, cost, or bat- 
tery usage of a telemetry transmitter. As will be 
understood with reference to Figures 1 and 2, a telemetry 

10 subsystem 1 00 and a flexible patient monitoring system 
200 may be constructed according to tiie present inven- 
tion. The telemetry subsystem 100 include certain ones 
of tiie following components, depending upon the mode 
of patient monitoring to be performed, and the particular 

IS environment(s) in which the subsystem is operating: 

a primary monitoring instrument 1 01 
an auxiliary monitoring instrument 1 02 
a multiport transmitter (MPX) 110 
20 " a telemetry docking station 111 

a telemetry subsystem interface. e.g., a portable 
processor 112 or portable conputer 114 
a backchannel receiver module 113 

25 The flexible patient monitoring system 200 includes the 
telemetry subsystem 100 and one or more of tiie follow- 
ing components: 

a system communications network 205, which 
30 includes nodes such as a central monitoring station 
204 

a telemetry signal receiving system 203 
a backchannel transmission system 214 

35 The primary monitoring instrument 101 and/or the 

auxiliary monitoring instrument 1 02 preferably are instru- 
ments equipped to perform data management and 
recording functions, and to monitor one or more of tiie 
following physiological parameters: 

40 

electrocardiogram/respiration (ECG/RESP) 
electrocardiogram (EGG) 
invasive pressures 
temperature 
45 - non-invasive blood pressure (NIBP) 
- Sp02/Pleth level 

carbon dioxide level (CO2) 

cardiac output 

TcGas 

50 

A first preferred embodiment of the multiport 
transmitter (hereinafter, MPX) 110 may be operated to 
independentiy monitor a selected plurality of physiolog- 
ical parameters, preferably selected from tiie above- 
55 listed set physiological parameters, and to transmit data 
representative of the selected parameters in a telemetry 
signal to the system communications network 205. The 
first prefen-ed embodiment of the MPX 1 1 0 may also be 
concunently operated to receive externaily-sourced 
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data, such as may be originated at the primary monitor- 
ing instrument 101, auxiliary monitoring instrument 102, 
portable processor 112, and/or portable computer 114, 
and to process the received data for subsequent trans- 
mission in the telemetry signal to the system communi- 
cations network 205. The MPX 1 10 includes a call signal 
activator preferably in the form of a nurse call button 1 1 6, 
an optical data transceiver preferably in the form of a 
serial infrared (SIR) port 117, a sensor system 118. a 
data processing and signal transmission section 119, 
and a power and data port 120. 

A first preferred embodiment of the backchannel 
receiver module 113 may be incorporated within the 
MPX 1 1 0 (as shown in Figure 1 ) or, in a second prefen-ed 
embodiment, may be constructed as a detachable back- 
channel receiver module 213 (as shown in Figure 2). In 
a particularly preferred embodiment, the backchannel 
receiver module 1 13, 213 is operable for receiving and 
translating signals transmitted on a paging radio-fre- 
quency communication band from the backchannel 
transmission system 214. Such backchannel transmis- 
sion system 2 1 4 includes a backchannel controller 21 4C. 
backchannel transmitter 21 4X, and antenna 214A. 

The telemetry subsystem interface is preferably pro- 
vided in the form of a portable processor 1 12, or a port- 
able computer 114. A prefen'ed embodiment of the 
portable processor 112 is a Hewlett-Packard 200LX 
palmtop processor. The portable computer 114 is pref- 
erably provided in the form of a notebook computer. A 
preferred embodiment of the portable computer 1 14 is a 
Hewlett-Packard Omnibook superportable computer. 

Application software resident on the portable proc- 
essor 1 1 2 or portable computer 1 1 4 provides control and 
interfacing functions witfi respect to tiie MPX 1 10 trans- 
mitter. Software for operating tiie portable processor 1 1 2 
or the portable computer 1 1 4 may be installed via a plug- 
in memory module, preferably in the form of a memory 
card C (such as a PCMCIA card). For example, the port- 
able processor 112 can initiate communication with the 
MPX 1 1 0 transmitter automatically upon program execu- 
tion and establishment of a communication link for trans- 
fer of control and data signals. The contemplated 
communications link may be effected through a first data 
port, preferably in the form of an optical communications 
transceiver 121 via light beam L. or via an optical fiber 
cable 122. Alternatively, a communications link may be 
effected at a second data port preferably in the form of 
a serial data interface 1 23 coupled to a data portion of a 
multiconductor data and power cable 123 A. Power may 
be transferred to tiie portable processor 1 1 2 via a power 
cable portion of the multiconductor data and power cable 
123A to a DC input jack 124. 

A first preferred embodiment of the telemetry dock- 
ing station 1 1 1 includes a first data and power port 120B 
for connecting power lines P and data paths D1, D2 
between the telemetry docking station 1 1 1 and tiie MPX 
1 1 0. Power may be supplied to the telemetry docking sta- 
tion 111 from a permanent power source (e.g., an AC 
outiet) via an AC/DC converter 1 25 tiirough a power con- 



ditioning circuit 126 and an isolation circuit 127. Addi- 
tional power lines P and a data path D3 are connected 
to the portable processor 1 12 or portable computer 1 14 
via a second data and power port 1 28. An additional data 

5 path D4 is connected to tiie primary monitoring instru- 
ment 101 or auxiliary monitoring instrument 102 via a 
first data port 132 to which a monitoring instrument mul- 
ticonductor cable 1 31 A or 1 31 B may be connected. The 
data transferred via the multiconductor cables 123A, 

10 131A, 131 Bis preferably formatted according to a stand- 
ard serial data interface protocol, such as the Hewlett- 
Packard MECIF Interface Standard. 

The isolation circuit 127 provides isolated, condi- 
tioned power to the MPX 110, portable processor 112. 

15 and portable computer 1 14, thus providing reliable, iso- 
lated power and relieving those units from the need to 
operate on other power sources, such as internal batter- 
ies. The isolation circuit 127 also provides electrically- 
isolated transfer of data between the MPX 1 1 0. portable 

20 processor 112 or portable computer 114, the primary 
monitoring instrument 101, and the auxiliary monitoring 
instrument 1 02. For portability, the telemeti'y docking sta- 
tion 1 1 1 is preferably provided in a compact, light, low- 
profile form factor similar to that of the portable processor 

25 112 (e.g., of dimensions less than or comparable to tiiat 
of the interior of a coat pocket, at approximately 1 6 x 9 x 
3 centimeters). 

As particularly illustrated in Figure 2, a second pre- 
ferred embodiment of the MPX 210 contains first and 

30 second physiological monitoring sections 21 6A, 21 6B 
which are respectively provided in the form of an ECG 
monitor and an Sp02 monitor. (The use of additional or 
substitute monitoring sections are contemplated as 
being within the teachings of the present invention, such 

35 as a non-invasive blood pressure parameter (NIBP) 
monitor, a brainwave monitor, and/or other suitable phys- 
iological monitors, depending on the need.) The first 
phtysiologicat monitoring section 216A may be con- 
nected to the patient 218 by a sensor 220. For example. 

40 for ECG monitoring , the sensor 220 would be connected 
to electrodes attached to tiie patient's chest. As will be 
described below, a certain ones of the conductors in sen- 
sor 220 may also be employed as a data communica- 
tions link 220A to a primary monitoring instrument 201 . 

45 Sense signals derived by the monitoring sections 
216A. 216B are fed to a telemeti'y processor 222 which 
preferably includes a suitably-programmed microproces- 
sor for conversion of tiie sense signals to a suitable 
telemetry signal for transmission to the centi-al monitor- 

50 ing station 204. The telemetry processor 222 may also 
contain signal interface circuitry, signal processing cir- 
cuitry, a power supply section, and memory sections(s) 
for storage and retrieval of selected information concern- 
ing the patient 218 or the operation of the MPX 210. The 

55 telemetry processor 222 is also programmed to perform 
otiier processing functions, such as error-checking, self- 
testing, and tiie like. 

A telemetry signal is output from the telemetry proc- 
essor 222 to a frequency-synthesized transmitter 224 for 
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broadcast at a suitable output element 226. Depending 
on the telemetry needs in the hospital, the transmitter 
224 and output element 226 tmy be constructed to radi- 
ate at a selected frequency in the radio frequency (RF) 
band; the output element 226 may be integrated into the 5 
sensor 220 or may be otherwise situated in the M PX 2 1 0. 
An alternative embodiment of the transmitter 224 and 
output element 226 may be constructed to radiate at a 
selected frequency in the optical transmission band; for 
example, an infrared frequency. 

The telemetry signal emitted by the output element 
226 is received by one of a plurality of receiving elements 
228 and telemetry receivers 232 suitably located in the 
hospital. Telemetry signals acquired by the plurality of 
telemetry receivers 232 are applied to a telemetry 
receiver interface 233 for translation to network telemetry 
data, which is transferred to a network controller 230 
preferably in the form of a serial communications con- 
troller (SCC). The network telemetry data is then trans- 
ferable to other nodes on the network 205 such as the 
central station 204. Such nodes may be considered local 
nodes, that is, in locations proximate to the patient 218, 
and other nodes may be quite remotely situated. The 
local nodes on the network 205 are contemplated as 
including suitable data terminals, workstations, and the 
like so as to make the network telemetry data available 
to hospital staff at a network node in a clinical or surgical 
setting, a physician's office, a hospital pharnnacy. a diag- 
nostic laboratory, a data processing and record-keeping 
center, and similar departments or locations within the 
hospital. Additional password-protected, secure connec- 
tions to communications networks outside the hospital, 
such as telephone and radio networks, allow authorized 
persons to access the network telemetry data at remote 
nodes (i.e., nodes located outside of the hospital). 

The telemetry network data may be processed at 
any node on the network 205. For instance, the central 
monitoring station 204 may perform further processing 
so as to derive patient information and may selectively 
store such information in temporary or bulk storage 
devices 236. The central monitoring station 204 and may 
cause images indicative of such patient information to be 
selectively displayed on one or more displays. For 
instance, medical personnel that have access to the cen- 
tral monitoring station 204 may monitor and react to rel- 
evant physiological conditions of the patient. 

The MPX 210 features an input/output (I/O) section 
240 that operates first, second, and third ports 240 A, 
240 B. 240C. The first port 240A may, for example, be a 
wireless transceiver data port, such as one including an 
IR transmitter and complying with the serial infrared 
(SIR) data transmission protocol designed by the 
Hewlett-Packard Company Such a first port would inter- 
face with one or more SIR receivers present on the port- 
able processor 2 1 2 as described above. The second port 
240 B may be directly connected to the telemetry docking 
station 211 at a respective port 242 A and serve as a 
power and data communications interface between the 
MPX 210 and the telemetry docking station 211. The 



third port 240C may connect to a backchanne! receiver 
module 213 as will be discussed below. 

The telemetry docking station 21 1 includes a first, 
second, and third I/O sections 242. 246, 248 and respec- 
tive ports 242A, 246A, 248A. A power isolation section 
250 and a power conditioning section 252 are connect- 
able to a permanent power source (not shown) such as 
tiie hospital main electrical system. The second I/O sec- 
tion 246 serves as a data interface to an auxiliary moni- 
toring instrument 202. The third 1/0 section 248 and port 
248A serve as a data interface operable witii an I/O sec- 
tion 256 and port 256A on the portable processor 212. 
Preferably, the ports 248A and 256A are provided in the 
form of infrared transceiver ports. 

Reconfiguration of the Flexible Patient f^onitonng Sys- 
tem 

The flexible patient monitoring system 200 may be 
configured to operate in at least four modes: 

1) ambulatory telemetry mode, wherein the MPX 
210 is operated independentiy of other monitoring 
instruments and is powered by an internal power 
source; 

2) docked telemetry mode, wherein the MPX 210 is 
connected to a telemetry docking station 211 for 
transfer of data and power; 

3) simple instrument telemetry mode, wherein the 
MPX 210 and a primary monitoring instrument 201 
or an auxiliary monitoring instrument 202 are con- 
nected together for transfer of data tiierebetween, 
and 

4) docked instrument telemetry mode, wherein tiie 
MPX 210 and a primary monitoring instrument 201 
or an auxiliary nrtonitoring instrument 202 are 
attached to the telemetry docking station 21 1 for 
transfer of data therebetween (and optionally for 
transfer of power to the MPX 210). 

A portable processor 212 may also be optically con- 
nected to tiie MPX 210 in tiie ambulatory telemetry 
mode. The portable processor 21 2 (or the portable com- 
puter 114) may also be optionally connected to the 
telemetry docking station 21 1 in the docked telemetry 
mode or the docked instrument telemetry mode for trans- 
fer of data and power. 

For example, when the MPX 210 is operated in the 
instrument telemetry mode, an operator can determine 
at the bedside what primary monitoring data is to be 
transmitted to the network 205 by use of an instrument 
telemetry configuration frame displayed on the primary 
monitoring instrument 201 . Data will be transferred from 
tiie primary monitoring instrument 201 to the MPX 210, 
which will receive, multiplex, compress, format, and 
transmit the data as a telemetry signal to a telemetry sig- 
nal receiving system 203. Receivers located in the telem- 
etry signal receiving system 203 receive tiie telemetry 
signal and the telemetry receiver interface 233 uses 
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appropriate protocols to convert the telemetry signal into 
network data messages for transmission over the net- 
work 205. The flexible telemetry system 200 can thereby 
transfer patient monitoring data, control signals, alarm 
signals, and other information from the MPX 21 0 (or an 5 
instrument connected to the MPX 210) to any node on 
the network, such as the node occupied by a central 
monitoring station 204. 

In particular, the MPX 210 can provide a wireless 
connection of the portable processor 212. the portable 10 
computer 114. the primary monitoring instrument 201, 
and/or the auxiliary monitoring instrument 202 to the net- 
work 205. Further, data received by the MPX 110 from 
the portable processor 212. the portable computer 114, 
the primary monitoring instrument 201 , and/or the aux- is 
iliary monitoring instrument 202 may be monitored at the 
patient's location, without any need for a hard-wired net- 
work connection. 

Due to its multiplicity of communication ports, the 
MPX 21 0 may be easily reconfigured to and from ambu- 20 
latory mode, docked telemetry mode, simple instrument 
telemetry mode, or docked instrument telemetry mode. 
This flexibility allows the flexible patient monitoring sys- 
tem 200 to be reconfigured while the patient 218 occu- 
pies or moves between any of the hospital areas that are 25 
serviced by receiving elements 228. This reconfiguration 
may be accomplished while still permitting continuous 
monitoring of relevant patient physiological conditions. 
As a result, the task of patient monitoring is effected more 
flexibly and inexpensively, patient bed transfer costs are 30 
reduced, and the number and acuity of the patients that 
are monitored is greater than in a conventional patient 
monitoring system. 

Preferably, the telemetry signal contains status infor- 
mation pertaining to the monitoring mode as well as the 35 
type of data being transmitted. The telemetry signal 
receiving system 203 includes data acquisition software 
modules for determining whether the data received is 
ambulatory telemetry data or instrument telemetry data, 
and formatting the received telemetry data into a form 40 
appropriate for transmission on the network. For 
instance, the central monitoring station 204 may receive 
telemetry data that has been formatted to cause differing 
user interfaces to be displayed on the central monitoring 
station, according to whether the data represents infor- 45 
mation derived from an ambulatory telemetry mode or 
an instrument telemetry mode. As a further example, 
recording requests from the primary monitoring instru- 
ment 201 may be formatted into the various types of 
recordings supported by different nodes of the network so 
205. 

In some instances of ambulatory mode operation, it 
may be advantageous to couple theMPX210tothe port- 
able processor 21 2 via IR transceivers in the ports 256A 
and 240 A such that the telemetry docking station 211 55 
need not be used. The two units (MPX 210 and portable 
processor 212) may be physically coupled as well, to 
form a single, portable package. When necessary, an 
optical fiber cable 244 may be connected between suit- 



able terminals on the ports 240A. 248A. or 256A to effect 
light-tight transmission between I/O sections 240. 248. 
or 256. 

The portable processor 212 includes a data output 
device preferably in the form of a liquid crystal display or 
some other type of flat screen display 258, a data input 
device such as a keyboard 260. and a microprocessor 
section 262. The I/O section 256 may be operated to 
communicate information to and from the microproces- 
sor 262. Memory sections included In the microproces- 
sor for storing information allows the microprocessor to 
be programmed to perform selected processing tasks on 
tile received data. For example, a representation of 
telemetry data acquired from the MPX 210 may be dis- 
played on display 258 and the nature of this representa- 
tion may be varied by a user according to commands or 
queries entered on the data input device 260. The user 
may select from a variety of a representations, including 
EGG waveforms, a transmitter frequency chart, trend 
graphs, or other useful information. While not specifically 
indicated in Figure 2, the portable processor 212 is con- 
templated as incorporating or accommodating other 
forms of data input devices such as a microphone, roller 
ball, touch screen, pen-based input panel, or the like. 
Similarly, the portable processor 212 may incorporate 
other forms of data output devices, such as an annunci- 
ator for sounding an audible signal, or acoustic trans- 
ducer for reproducing a voice. Components for carrying 
out the performance of other processing tasks (not 
shown) may be included in the portable processor 212 
as known in the art, such as extended menx)ry cards, 
facsimile/modem cards, and the like. 

Keyboard inputs, eitiier as generated, or as modified 
by processor 262. may be applied through I/O port 256 
to I/O port 242. and from I/O port 240 to the telemetry 
processor 222 Such inputs may, for example, represent 
commands to change tiie mode of ECG monitoring by 
the monitor sections 216A, 216B between diagnostic 
and monitoring quality; if tiie monitor sections 21 6A, 
216B are adapted for monitoring a variety of physiologi- 
cal conditions, the condition being monitored can be 
changed. The outputs from the monitoring sections 
2 1 6 A. 2 1 6B may be processed by ttie telemetry proces- 
sor 222 according to commands inputted from keyboard 
260. Data entered at keyboard 260 may also be passed 
tiirough processor 262, 1/0 sections 256, 248, 242, and 
240. and telemetry processor 222 to ti'ansmitter 224 for 
ta^ansmission to the central monitoring station 204. Such 
data may be utilized, for example, to effect diagnostic 
routines on one or more of the components of the flexible 
monitoring system 200. 

Backchannel Communications 

A backchannel receiver module 213 is detachably 
mounted on tiie MPX 210, preferably at port 240C. The 
backchannel receiver module 213 includes a communi- 
cations and power port 213A, a backchannel receiver 
270. and receiving antenna 272. Data originating from 
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any node on the network 205 may be directed to the 
backchannel communications controlter 21 4C for 
addressable transmission to a particular backchannel 
receiver module 213. That is. each message sent by 
backchannel transmitter 2 1 4X would include an encoded 
address so that it is received and/or utilized only by the 
backchannel receiver module 213 for which it is 
intended. Once received and translated, the message is 
provided to the I/O section 240 of the MPX 210. 

The backchannel receiver 270 may operate on an 
integral battery power source and alternatively may be 
operated via power provided through the communica- 
tions and power port 21 3A; such power may originate 
from the MPX 210 or from the telemetry docking station 
21 1 . The requisite circuitry and components that com- 
prise the backchannel receiver 270 and receiving 
antenna 272 may be constructed in a package that is 
extremely compact, light in weight, and consumes very 
little power according to known telecommunications 
receiver technology. 

The attachment of the backchannel receiver module 

213 to the MPX 21 0 permits medical personnel at a node 
on the network 205 (e.g. , a central monitoring station 204 
or similar terminal) to enter information (e.g.. data or 
commands) on an appropriate input device, and direct 
the information via the backchannel transmission system 

21 4 to the MPX 21 0 or the portable processor 212. Such 
communication may, for example, be in response to 
inputs or queries from attending staff that were inputted 
on keyboard 260. Similarly, other monitoring instru- 
ments, data processing or storage equipment, and other 
control and communications equipment connected to the 
network 205 may communicate with the backchannel 
receiver module 213. 

As mentioned in the above, the particularly preferred 
embodiment of the backchannel receiver module 213 is 
constructed to support a communications backchannel 
via a paging transmission system. Most communities 
already employ one or more "wide-area" paging trans- 
mission systems to communicate with portable, pocket- 
sized receivers known as pagers. Accordingly, the back- 
channel receiver module 213 is constructed to take 
advantage of any pre-existing paging transmission sys- 
tem so as to provide inexpensive, two-way communica- 
tion between the network 205 and the MPX 210. In 
partiojlar. most hospitals already employ at least one 
local-area" paging system that has been installed and 
dedicated for hospital use, and many hospital staff mem- 
bers carry a pager. Because the hospital staff members 
are already carrying portable processors 212 and port- 
able computers 1 14 for other purposes, and will increas- 
ingly do so in the future, the benefits of the present 
invention are achieved without the significant expense of 
additional equipment and without any significant change 
in the way such hospitals and personnel are already 
operating. 



Dynamic control of system configuration and patient 
monitoring 

Further, it is a particular feature of the present inven- 

5 tion that dynamic control may be effected of the system 
configuration and of the patient monitoring features and 
functions performed by the flexible monitoring system 
200. Some of such functions may heretofore have 
required user intervention and/or reconfiguration of one 

10 or more of components of a conventional patient moni- 
toring system. For the purposes of this description, 
dynamic control is meant to describe network-based, 
system-originated control of one or more of the features, 
functions, or tasks performed by the flexible monitoring 

75 system 200. Such features, functions, or tasks include: 
Service modes, such as a remote reading of: the 
status of the power availabl e to the MPX 2 1 0 or telemetry 
docking station 21 1 . the signal strength of the backchan- 
nel transmitter (as received by tiie backchannel receiver 

20 module 213). the frequency or signal strength of the 
transmitter 224 in the MPX 210. or the physiological con- 
ditions currently being rrranitored (EGG. Sp02. etc.). The 
service mode information may be acquired only on 
demand, so that the telemetry transmission bandwidth 

25 may be conserved for transmitting patient data. A partic- 
ular service mode contemplated by the invention 
includes the transmission of new PROM code from a 
node on the network 205 via the backchannel transmis- 
sion system 214 and the backchannel receiver module 

30 213 for downloading into a memory device (such as an 
EEPROM 354 illustrated in Figure 3). 

Query the MPX Configuration, wherein a network 
node may query the MPX 21 0 for configuration data and 
settings, such as thresholds or other measurements (i.e. 

35 notch filter, Sp02 sanrtple rate, and frequency channel) 
or system information Q.e. firmware/hardware revision 
numbers and serial number), or to view or to edit such 
records as a status log. Alternatively, hospital personnel 
may also use the portable processor 212 to receive and 

40 answer a system-initiated query, and see tiie system's 
response. 

Delivery of alarms or messages to the patient or 
attending staff by provision of an alarm signal (e.g. a 
tone) or a voice signal through a transducer on the MPX 
45 210 or portable processor 212, or by display of textijal 
messages on the display 258 of the portable processor 
212. 

Determination of the location of the MPX (and 
hence location of the patient) via transmission of signals 

50 from a plurality of backchannel transmission systems 
214 each of which are spatially separated at fixed, known 
locations witiiin the hospital, followed by measurement 
of the strength and delay of tiie signals. 

Lead selection and transmitter lead fallback may 

55 be accomplished at the telemetry processor 212 before 
data is sent from tiie MPX 210. This feature also con- 
serves the bandwidth required to transmit telemetry 
data, allows tiie MPX to transmit other parameters, or to 
improve forward error correction. 
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Redundant transmission of information, such as 
transmission of a waveform with 1 00% redundancy, thus 
enabling the system to compensate for dropouts in a 
telemetry transmission caused by muKipath fading. 

Dynamic power control oi the radiated power level 
of the transmitter 224. according to the transmission path 
power loss. Rather than transmitting at a high enough 
power to overcome worst case losses, activation of this 
feature allows the average power consumption to be min- 
imized, thus substantially extending battery life. 

Diversity selection allows a network node to com- 
mand the transmitter 224 to transmit on one of two spa- 
tially separated versions of the output element 226, e.g., 
either an antenna integrated in the sensor 220 and 
another antenna imbedded in the housing of the MPX 
210. 

Reuse of a selected transmission frequency by 
assigning a single frequency to more than one MPX 210. 
Such reuse is contemplated as being effected by spatial 
(cellular) allocation of a frequency, wherein each MPX 
21 1 is located sufficiently distant from the others so as 
to overcome any channel interference. Such reuse is 
also contemplated as including time division multiplexing 
of the data transmitted from more than one MPX 211 
onto one transmission channel. This feature dramatically 
increases the number of channels that one telemetry 
receiver 232 can service, and allows the flexible patient 
monitoring system 200 to monitor a large numbers of 
patients per transmission channel, and reduces errors 
that are caused by channel interference. 

Selection of the transmission frequency (trans- 
mission channel), an othenArise costly and time consum- 
ing process, so as to change the frequency of the 
transmitter 224 without user intervention. 

Error control according to data exchange proto- 
cols so as to correct short term dropouts (due to multip- 
ath fading). For example, the MPX 210 may send a 
message, then wait for a return message from the back- 
channel controller 21 4C acknowledging proper receipt 
The MPX 210 may repeat the message if no acknowl- 
edgment is received. 

Signal Processing and Data Transmission in the Multi- 
port Transmitter 

Figure 3 shows an overall block diagram of a pre- 
ferred embodiment of a main board 300 operable in the 
signal processing and data transmission section 119 of 
the MPX 110, The main board 300 may be considered 
to include five subsections: a set of ECG front ends, a 
SpOa monitor, an application specific integrated circuit 
(ASIC), a digital signal processor (DSP), and a power 
supply section. 

The ASIC 310 is operable with at least four external 
signal interfaces (not including the output of transmitter 
224). First and second signal interface lines 31 1 connect 
to the telemetry docking station 21 1 ; a third interface line 
313 connects to a serial Infrared port (SIR) 315 and the 
fourth interface line 314 connects to a sensor Interface 



driver 318 (preferably in the form of a serial data port 
driver) which may be used to communicate to the primary 
monitoring instrument 201 through two leads (RA, RL) 
of the patient sensor (V, RA. LL, LA, RL). The ASIC 310 

5 preferably contains universal asynchronous receiver- 
transmitters for performing these functions. 

The serial infrared port 315 communicates using a 
subset of the SIR protocol. This port can be "aimed" at 
the portable processor 212 for establishing an ungulded 

10 optical communications link, or can be attached to the 
fiber optic cable 244 for a more robust optical connection. 
Such a connection facilitates the physical coupling of tiie 
portable processor 212 and tiie MPX 210 for combined 
use during ambulatory telemetry mode. 

15 In a particular feature of the Invention, the sensor 
interface 318 insures patient safety by prohibiting an 
electrical path from a non-battery powered instrument, 
such as the primary monitoring instrument 201 or auxil- 
iary monitoring instrument 202. through tfie MPX 210 to 

20 the patient. Also, the sensor interface 318 will sense a 
voltage on one of the conductors in the connection to ttie 
primary monitoring instrument 201; the ASIC 310 will 
only connect a serial data driver to the patient leads when 
it senses this voltage. This Insures that there is no harm 

25 to the patient by inadvertent application of serial data to 
tiie sensor, which may be already connected to the 
patient. 

An Sp02 monitoring section 321 produces data rep- 
resentative of the arterial oxygen saturation value, tiie 
30 pulse rate, and relative perfusion. The SpOa monitoring 
section 321 will connect directly to an appropriate Sp02 
sensor (not shown) such as may be obtained from 
Hewlett-Packard Company, Nellcor. or Ohmeda. 

Additional circuitry connected to the ASIC 310 
35 include: four ECG front ends 331 . 332. 333, 334; a bat- 
tery 343; a SpOa monitor power supply circuit 344; a 
main power supply circuit 346; a battery sense circuit 
348; a ti'ansmltter power supply circuit 352; a program- 
mable memory storage device preferably In the form of 
40 an electi'ically-erasable programmable read-only mem- 
ory (EEPROM) chip 354; a digital signal processor (DSP) 
chip 356; a static memory storage device, preferably in 
tiie form of a static random access memory (SRAM) 358; 
a radio-frequency (RF) modulator 362; and a radio fre- 
45 quency synthesizer 364. Also connected to ttie ASIC 31 0 
are a set of leads-off indicators, each preferably in the 
form of a light-emitting diode (LED) array 366. and a RL 
lead driver circuit 368. The ASIC 310 handles tiie task 
of interfacing to the ECG hardware, the nurse call button, 
50 tiie leads off Indicators; and the ASIC 310 controls sig- 
nals to and from the Sp02 circuit 321 , the primary mon- 
itoring instrument 201 , the SIR port 315, and the two 
serial port lines 311. 

The EEPROM 354 preferably contains frequency. 
55 patient identification, and system configuration informa- 
tion. By performing all data processing tasks in the DSP 
356. which is set to by direct boot from the EEPROM 
354, future software upgrades are made easily through 
the serial port lines 31 1 . 
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Additional main board hardware architecture 
includes: 

Nurse Call Button: A signal on a nurse call button 
line 372 may be configured to cause the ASIC 31 0 to run 
a recording, set off the nurse call alarm, or perform 
another communication function such as what is known 
as spoof coding, which may be used by a technician to 
match a MPX 210 to a telemetry receiver 232. 

Povi/er Supply Control: Control lines from the 
ASIC 31 0 may be operated to selectively shut down cer- 
tain power subsections, as will be described below. 

Internal Power Source: Preferably, a battery 343 
is a Alkaline. Zinc- Air. or Carbon-Zinc 8.4 or 9 volt battery 
for use when the MPX 210 is not configured to monitor 
Sp02 ; when Sp02 is used, a lithium battery is preferred. 

Visual indicators: Five indicators preferably in the 
form of light emitting diodes 366 are situated on the exte- 
rior of the MPX 21 0 with each indicator located under the 
respective electrode that con^esponds to a lead. The 
DSP 342 activates an appropriate indicator after a 
change of state (e.g.. leads-off condition) in any lead 
wire. Also, some or all of the LEDs may be activated in 
a predetermined pattern to indicate that the MPX fails a 
self-test, or to indicate the signal strength received by 
the SIR 315. 

Power Supply: The main power supply section 
346 is a linear or switch mode power supply that converts 
power from the battery 343 for provision to the Sp02 
power supply subsection 344. transmitter power supply 
subsection 352, and battery sense subsection 348. Addi- 
tionally, the MPX 210 may source power from the telem- 
etry docking station 211 or the sensor 220 via diodes that 
are connected to the main power supply section 346. For 
example, when the primary monitoring instrument 201 is 
employed in instrument telemetry mode and power from 
the battery 343 is to be conserved, the presence of a 
minimum of 9V on the shield of the RL lead causes the 
main power supply 346 to draw its power from the sensor 
220. Patient isolation is achieved by preventing simulta- 
neous connections to both the patient and to power from 
the primary monitoring instrument 201 

Battery Sense Section:The battery sense section 
348. under control of the ASIC 310, effects control of all 
of the power supply subsections. For example, the Sp02 
monitoring, transmitter, ECG monitoring, or communica- 
tions functions may be individually shut down by the 
ASIC 310 to conserve power. The ASIC 310 also pro- 
vides, based on signals from the battery sense section, 
advance warning messages that are displayed on the 
network 205 or the display 258. such as "replace battery" 
or "weak battery". 

Backchannel Receiver Module 

Figure 4 illustrates a particularly preferred embodi- 
ment 402 of the backchannel receiver module 21 3 of Fig- 
ure 2. The paging backchannel receiver module 402 
preferably receives frequency-modulated (FM) transmis- 
sions at certain paging transmission frequencies, which 



currently include frequencies in the range of 30 -50 meg- 
ahertz (mHz). 150-1 74 mHz. 450-51 2 mHz. or 800-1000 
mHz. These transmissions are received by an antenna 
604 that is preferably integrally mounted on the back- 

5 diannel receiver module 402, and filtered by a RF filter 
stage 406 before being passed to a mixer 408. The out- 
put of an oscillator 41 0 mixed with the filtered RF signal 
is output to an intermediate frequency (IF) filter stage 
412. The IF filtered signal is then passed to a lim- 

70 (ter/demodulator stage 414 and a decoding stage 416. 
The decoded signal output is provided to a data transfer 
stage 41 8 for transfer through a data and power connec- 
tor 420 to the MPX 210. 

15 Telemetry Docking Station • Detailed Architecture 

With reference to Figure 5, a preferred embodiment 
of the data and power handling circuitry 502 of the telem- 
etry docking station 211 will be understood to include : 

20 a) first and second data communication interface sec- 
tions 511. 512 to enable the MPX 210 to interface with 
data paths from external devices (preferably, devices 
such as the portable processor 212 and one or more 
monitoring instruments, such as the primary monitoring 

25 instrument 201 and an auxiliary monitoring instrument 
202); b) a power conversion section 520 and a power 
transformer section 622 to enable units such as the MPX 
210 or portable processor 212 to receive isolated, regu- 
lated power from external power sources: and c) a data 

30 processing section 524 preferably in the form of a micro- 
processor for performing data protocol translation and 
other data interfacing functions. The telemetry docking 
station 21 1 preferably incorporates microminiature com- 
ponents and circuitry so as to provide the aforemen- 

35 tioned functions in a compact, portable unit that is 
positionable adjacent, or attachable to, the portable proc- 
essor 212 and/or the portable computer 114. 

A DC input power jack 504 preferably receives 
12VDC from a conventional AC-to-DC wall outlet con- 

40 verter, certified as an IEC-601-1 medically approved 
device, such as are commercially available for powering 
portable medical electronic devices. A DC out jack 506 
provides 12VDC to the portable processor 212. A first 
serial interface circuit 51 1 and a second serial interface 

45 circuit 512 have respective connections RXA, TXA and 
RXB. TXB. The first and second interface circuits 511, 
512 are also respectively coupled to the MPX 210 via 
optocouplers 521 , 522 and connections RX2, TX2. RX1 , 
and TX1. 

50 The received 12VDC power from the charger is 
passed through first and second linear regulators 531. 
532; the regulated power is further passed to an oscilla- 
tor 534 and to first and second field-effect transistor 
(FET) stages 536, 538 before being fed to the primary 

55 sides of first and second transformers 541 , 542. Linear 
regulators 543, 544, 545, 546 regulate the output of the 
transformers 541. 542. Additional protection circu'rtry 
(not shown) may include a fuse or a breaker may be 
included to prevent excessive DC cun^ent fbw in the 
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event of a FET or oscillator failure, and transient suppres- 
sion circuitry to suppress power surges and transients in 
the incoming DC line. Some of the voltages thus pro- 1 17 
duced are: 

8V - transformer primaries 5 118 

5V - power to oscillator 534 

8VA - isolated power to the MPX 210 119 
5VA - isolated power to local side of optocouplers 
521,522 

5VB - Isolated power to remote side of optocou- w 12OA 
pier 521 

5VC - Isolated power to remote side of optocou- 120B 
pier 522 

This illustrated circuit uses the transformers 541 , 542 to 121 
provide at least 6kV isolation to effect a barrier between 75 
the patient 218 and non-battery power sources. The 122 
telemetry docking station 21 1 thus provides these fea- 
tures: 123 



a. power line isolation by the use of an IEC-601-1 20 123A 
medically-approved wall charger; 

b. patient isolation by use of isolated power sup- 
plies;. 

c. serial data optical isolation; 

d. defibrillation isolation, by employing recessed 25 
pins in alt external connectors on the MPX 210. 



124 
125 
126 
127 



While the invention has been particularly shown and 
desaibed above with reference to preferred embodi- 
ments, changes in form and detail may be made by one 30 1 28 
skilled in the art to the foregoing embodiments without 
departing from the spirit and scope of the invention. 



DYNAMIC CONTROL OF A PATIENT MONITORING 
SYSTEM 

Reference Designations 
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Claims 





1 . A system for providing dynamic control of a patient 
monitoring function, comprising: 

a communications network (205) having a 
plurality of nodes; 40 

a backchannel transmission system (214) 
connected to a one of said nodes for receiving the 
dynamic control information and for transmitting the 
dynamic control information in a backchannel trans- 
mission; 45 

a multiport transmitter (1 10;210) including a 
data processing section (119;222) for carrying.out 
the patient monitoring function, and 

a backchannel receiver module (1 13;213) for 
receiving the backchannel transmission, translating so 
the received transmission to provide respective 
dynamic control information, and providing the 
dynamic control information to the data processing 
section (119:222); 

wherein the data processing section ss 
(119:222) implements the dynamic control informa- 
tion to alter the patient monitoring function. 



2. TTie system of claim 1 , wherein the multiport trans- 
mitter (1 10;210) further comprises: 

a sensor system (118;220) connectable to 
the patient (218) for providing a sense signal repre- 
sentative of a first physiological condition; 

a monitoring section (321) for receiving the 
sense signal and providing first data representative 
of the first physiological condition; 

a first data port (117;240A) for receiving 
externally-sourced data, whereby the first data and 
the externally-sourced data are processed by the 
data processing section (1 19;222) to provide proc- 
essed data; 

a dynamic memory storage device (354) for 
storing programmed information relative to the oper- 
ation of the data processing section; 

a power supply section 
(343.344,346.348.352); and 

a transmitter (224) for transmitting the proc- 
essed data as a telemetry signal. 

3. A system as claimed in claim 2, wherein said 
dynamic control information is applied to alter tiie 
operation of the transmitter (224). 

4. A system as claimed in claim 3. wherein the trans- 
mitter (224) is a frequency-synthesized transmitter 
and the dynamic control is applied to alter the oper- 
ating frequency of the transmitter (224). 

5. A system as claimed in claim 2, wherein said 
dynamic control information is applied to change tiie 
mode of operation of the monitoring section (321). 

6. A system as claimed in claim 5. wherein said 
dynamic control information is applied to select one 
of a plurality of physiological parameters. 

7. A system as claimed in claim 2. wherein said 
dynamic control information is applied to alter the 
programmed information relative to the operation of 
the data processing section (1 19;222). 

8. A system as claimed in claim 2, wherein said 
dynamic control information is applied to alter tiie 
operation of the power supply section 
(343.344,346,348,352). 

9. A system as claimed in claim 2, wherein said 
dynamic control information is applied to select 
between the processing of the first data and the 
externally-sourced data in providing tiie processed 
data. 

10. A system as claimed in claim 2. further comprising 
a central monitoring station (204) connected to 
another of said nodes, and wherein the dynamic 
control information is originated at the central mon- 
itoring station (204). 
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